Dr Behringer made seminal contributions to our understanding of developmental genetics and physiology of anti-Müllerian Hormone (AMH), also known as Müllerian inhibiting substance (MIS), using a plethora of elegant mouse genetic models. He demonstrated that both gain of function and loss of function in vivo effects of AMH are distinct, AMH type II receptor mutants resemble AMH ligand mutants, AMH and AMH type II receptor double mutants do not show any additional phenotypes compared to the corresponding single mutants, and MIS promoter regulation in vivo is complex and requires critical SOX9 and SF1 binding sites. He also used mouse genetic models to identify the AMH type I receptors (BMPR1A and ACVR1) and Smads (1, 5, 8) and demonstrated a role for beta-catenin in Müllerian duct (MD) regression. Recently, his lab identified Osterix as an AMH-regulated gene in mesenchyme that contributes to MD regression. This body of work was published in a series of papers in high-impact journals including Cell, Nature, Nature Genetics, Genes and Development, and PNAS. His laboratory has also studied early gonad and reproductive tract development by employing advanced optical imaging techniques.
Being a passionate natural biologist, Dr Behringer extensively studied other species in addition to using mouse models in his research. For example, in collaboration with Professor Marilyn Renfree, University of Melbourne, Australia, he studied sex determination and differentiation pathways in marsupials, notably the tammar wallaby. In his own lab, he investigated how genes regulate wing development in the short-tailed fruit bat. Dr Behringer's other major contributions include providing a roadmap to early genetic events that regulate craniofacial development in mice. His laboratory provided fundamental insights into how Lhx1, a transcription factor, regulates head-organizer function; Goosecoid regulates craniofacial and rib development; and Twist1 regulates head mesenchyme differentiation for neural tube closure.
Dr Behringer is an ideal collaborator and he has been a highly prolific researcher. His collaborations from all over the world have resulted in numerous publications. He is very gifted with his vast knowledge of virtually all aspects of developmental biology and mouse genetics techniques. Many trainees and junior and senior faculty always welcome his sharp intellectual input into their research projects. He is also an excellent teacher and mentor-he trained numerous graduate, postdoctoral, and visiting fellows and served on thesis committees of many graduate students. He traveled and delivered seminars all over the world, organized numerous national and international conferences. He published more than 300 papers including reviews and chapters. He is the co-editor of third and fourth Interview, 2019, Vol. 100, No What made you choose to join the Brinster laboratory after your PhD thesis work and why did you decide to work on MIS/AMH? I was fascinated by the new transgenic mouse technologies. The first transgenic mice generated by pronuclear injections were reported in the early 1980s. By the time I graduated in 1986, many of the primary aspects of the transgenic method had been worked out but there were still many innovations and biological discoveries waiting to be explored. I was also very impressed that the Brinster laboratory was surprisingly small for the amount of papers being generated. Soon after joining the Brinster laboratory, the human MIS gene was reported (Cate et al., Cell 45:685-98,1986) . I proposed an in vivo study of MIS using transgenic mouse approaches because of a fundamental interest in mammalian sex differentiation developed during my pre-doctoral studies. Our MIS overexpression mouse model worked immediately and thus began my entry into the vertebrate sex determination field.
What was your experience as a postdoctoral fellow in the Brinster laboratory?
My thesis research involved generating morula aggregation chimeras, studying hematopoietic kinetics, and identifying the target cell for Friend virus-induced erythroleukemia. In the Brinster lab I was able to learn the transgenic mouse system and how genetic manipulations could alter development and physiology in mice. Through our lab's extensive collaborations, I was able to work on a wide variety of topics, including globin gene regulation, Hox gene function, spermatogenesis, sex differentiation, neural gene function, organ and body growth regulation, cancer, and others. I also had the opportunity to learn zygote pronuclear injections from the world's experts and was able to generate the bulk of the transgenic lines I studied. We had our own mouse colony and I saw my mice every day, becoming very sensitive to detecting phenotypes in our transgenic lines. Ralph Brinster provided an outstanding environment for scientific training and discovery and was always very supportive. After training with Ralph Brinster, I delayed by move to Houston because the mouse colony room was being renovated. So, I traveled to Richard Palmiter's lab in Seattle to learn molecular biology techniques. Bob Hammer, who was also a former Brinster postdoc, had done this prior to his move to the University of Texas Southwestern Medical Center in Dallas. I thought this would also be a great opportunity to interact directly with the people in the Palmiter lab who I had been collaborating with over the years. I anticipated staying for a month but was learning so much that I stayed for half a year. During that period, Richard taught me recombinant DNA techniques. I generated a mouse genomic phage library and cloned and characterized the Amh locus in anticipation of generating the first knockout in my new lab. My six months in Seattle were wonderful. It was a fun time to learn, explore, and test ideas.
When you started your independent laboratory at the MD Anderson Cancer Center, while you continued to work on MIS/AMH, you also initiated diverse projects on gastrulation and published some phenomenal work in this field, for example the "headless" Lim1 null mutant mouse. What made you foray into this complex research problem?
I took an embryology course as a Masters student that sparked my interest in this field. I was always fascinated by the classic Mangold/Spemann Organizer experiment. Gastrulation is a very important stage in embryonic development. At the time, there were numerous genes being discovered such as Twist in Drosophila, Goosecoid, Xlim1 (Lim1, Lhx1), Cerberus in Xenopus, as well as mesoderm inducers that were implicated in gastrulation. The mouse knockout technologies in embryonic stem cells were just becoming robust. Therefore, we set out to knockout these genes to determine if they were essential for gastrulation in the mouse. To our surprise Twist, Goosecoid, and Cerr1 were not essential for gastrulation. However, Lhx1 proved to be very important in axial development. Loss of Lhx1 altered germ layer inductive interactions, leading to the loss of anterior head structures. We also found that Bmpr1a was essential for mesoderm formation. In collaboration with Allan Bradley across the street at Baylor, we also showed that Wnt3 is the WNT that is essential for gastrulation in the mouse.
How did you turn your attention to working with marsupials and then investigating wing development in bats, completely distinct from using mouse models?
I met Marilyn Renfree (University of Melbourne) in 1995, at two successive sex determination scientific meetings in Taos, New Mexico and London. At these conferences, Marilyn presented her studies on marsupials and over dinner one evening during the London meeting she spun adventurous tales about her field studies each year on Kangaroo Island (KI) to catch tammar wallabies (Macropus eugenii) and collect their embryos for research. She said that I should come visit and join them on KI and that invitation was all I needed to begin my studies of marsupial mammals. I subsequently participated in four annual collection trips to KI to learn about the tammar wallaby system, marsupials, and the logistics, challenges and fun field research. During my first trip to Australia I had many discussions with Marilyn about marsupials and their development. There were so many surprising differences between marsupials and the mouse. It opened my eyes to the diversity of mammalian development.
I then began thinking about other types of mammals and learned that next to rodents, bats had the second highest number of species (∼1200). They also had the unique ability of powered flight. Limb development is well studied in developmental biology. Therefore, I thought it would be very interesting to study the development of the bat limbs (wings). At the time, there were only rare developmental studies of bats and none were at the molecular level. So, I decided our lab would develop the molecular embryology of the bat. Our bat studies were in collaboration with John Rasweiler IV (Cornell University/SUNY Downstate). Interestingly, our studies of marsupials and bats have enhanced our studies in the mouse because it has allowed us to look at the mouse from a different perspective.
You have successfully collaborated with numerous scientists in different disciplines and nearly all of them resulted in major publications.
How has this been possible?
It is a lot of fun to collaborate with scientists who have expertise beyond your own. I learn a lot from my collaborators and together we are able to achieve discoveries not possible by ourselves. I have been very fortunate to collaborate with scientists who have been very reasonable and generous.
What is the secret behind your sustained productivity remaining at a single Institution?
I have been very fortunate to have many outstanding and productive graduate students, postdoctoral fellows, and research assistants. MD Anderson is located in the heart of the Texas Medical Center (TMC), the largest medical center in the world. The Baylor College of Medicine is across the street as is the University of Texas Medical School. The Texas A&M Institute of Biosciences and Technology and Rice University are right next to the TMC. In addition, there are numerous hospitals. Thus, I have easy access to many scientists in many different areas of research. In addition, I was a founding member of the BCM Developmental Biology graduate program and have had many of these students pursue their doctoral degrees in my lab. In addition, Houston is a very easy city to live in and you can live very close to the TMC. Although wonderful colleagues have left over the years, new ones arrive. Therefore, although I have stayed at a single institution, the environment continuously changes.
I remember you used to travel quite a bit for various academic and scientific exploratory reasons. Do you still do that? How do you balance this with your other administrative responsibilities, teaching and research activities?
Yes, I still travel quite a bit. Attending scientific conferences, presenting talks at institutions, serving on grant review panels, and teaching in courses are very important to learn about the most current research findings but also to let others know about our research results. I balance travel and other administrative responsibilities by trying not to overcommit my time.
Where do you envision reproductive biology is heading?
I'm not sure where the field is heading but I know that there are plenty of new discoveries waiting to be uncovered. These will be enabled by new technologies that we do not imagine are possible. Young scientists should be encouraged that there are still plenty of fundamental questions waiting to be addressed.
What advice do you give to our younger generation of reproductive biologists?
